Abstract In this study we aimed to find out how macrofungi richness and sporocarp production varies in relation to both canopy cover and proximity of crown projection area, in order to discuss strategies and point out management actions that ensure macrofungal communities sustainability in montado ecosystems. The sporocarp survey was conducted once every two weeks, from October to February, between 2007 and 2009 in two representative sites of the most common (cork and holm oak) open montado ecosystems in southern Portugal. Results showed that canopy cover strongly shaped macrofungal communities composition and yield. Denser canopy cover enhanced mycorrhizal richness and reduced saprotrophic yield. Furthermore, mycorrhizal richness and yield increased with tree proximity. Finally some forest management strategies are suggested in order to enhance macrofungal richness and productivity, in montado ecosystems.
Introduction
Macrofungi play vital roles in all forest ecosystems, not only as primary decomposers, but also by mediating nutrient and water uptake by their host trees, facilitating below-ground nutrient transfer among plants, altering the competitive relationships among plants of different species, protecting roots from pathogens and environmental extremes and as food for mammals and invertebrates (Amaranthus 1998; Roberts et al. 2004) . Despite their well documented role in forest ecosystems, it is estimated that only 5% of fungal species have been described (Hawksworth 2001) .
While factors driving macrofungal diversity remain unclear, climatic conditions such as rainfall, air and soil temperatures, evapotranspiration, relative humidity, and water deficits or excesses are generally regarded as major factors affecting macrofungal fructification (Agerer 1985; Brunner et al. 1992) . Geomorphologic features as slope, aspect and altitude seem to influence as well the macrofungal communities (Yang et al. 2006 ).
Due to their closed relation with trees, mycorrhizal communities seem to be strongly shaped by forest composition, structure, age (stage of succession) and soil nutrients (Bills et al. 1986; Brunner et al. 1992; De Bellis et al. 2006; Kernaghan and Harper 2001; Laganà et al. 1999; Richard et al. 2004; Senn-Irlet and Bieri 1999; Twieg et al. 2009; Villeneuve et al. 1989; Wiensczyk et al. 2002) . Whereas saprotrophic fungi spatial distribution seems more associated to the substrate and is usually more uniform than mycorrhizal, though, many saprotrophic fungi show preference for a specific tree or shrub litter (Roberts et al. 2004) . Forest management tools (clearings, pruning, species selection, fire, fertilization) can also play a crucial part in shaping macrofungal communities since they can modify vegetation parameters like tree density, canopy cover, primary productivity, basal area, understory plant communities, soil conditions (Courtecuisse 2001; Pilz and Molina 2001; Wiensczyk et al. 2002) .
In recent years, there has been a growing awareness about the importance of canopy cover in shaping macrofungi diversity and productivity. Villeneuve et al. (1989) , while working along a south-north gradient in Quebec, found that the diversity of ectomycorrhizal fungi was related to their host trees cover. Laganà et al. (1999) also found a statistically significant correlation between the number of mycorrhizal species and tree cover. In a comparative study in Picea abies (L.) Karsten stands, Senn-Irlet and Bieri (1999) found an almost doubled sporocarp production in younger open stands, but greater species richness in mature closed-canopy forest. Jansen (1991) found that both numbers of mycorrhizae and of sporocarphs were inversely related to the extent of crown opening. But how can canopy cover influence macrofungi diversity and productivity? Bonet et al. (2004) suggests that micro-ambiental conditions such as temperature, moisture, light, soil conditions and wind encompassed in canopy modifications could partially explain productivity, population composition and dynamics of forest fungi.
Cork-oak (Quercus suber L.) and holm-oak (Quercus rotundifolia Lam. = Quercus ilex subsp. ballota (Desf.) Samp.) montado ecosystems, are the most frequent agroforestry systems in Alentejo (Portugal) (DGRF 2007) . Montado ecosystems have originated from and are currently maintained by thinning of mediterranean woods, understorey agricultural practices and extensive grazing in original cork oak and holm oak forests (Azul 2002) . These ecosystems are typically characterized by a few scattered cork and holm oak trees, with a average tree density of about 60-100 trees per ha, with a mosaic of pastures and agricultural fields as understory in a rotation scheme that includes fallows (Pereira and Fonseca 2003; Pinto-Correia 1993) . Cork and holm oaks crowns are pruned regularly in order to stimulate the production of either cork bark or acorns (Plieninger and Wilbrand 2001) . Shrubs are usually cleared out or artificially kept at low densities (Lourenço et al. 1998; Pinto-Correia and Mascarenhas 1999) through soil tillage and clear-cuttings.
Montado ecosystems are known to boast exceptional species diversity and in addition provide multiple goods and services as well (Vogiatzakis et al. 2006) , representing an example of ecologically sustainable semi-artificial systems (Azul 2002). However, intensification of agricultural practices in the beginning of the 20th and rural abandonment later on, has led to soil degradation, lack of regeneration, excessive aging, tree scarceness and increased considerably the risk of forest fires, pests and diseases as well (Ferreira 2001; ICN 2006) .
Non-wood forest product (NWFP) like wild edible macrofungi may represent a solution to increase the socio-economic development of forests and rural areas (Bonet et al. 2008; EFI 2007) . In fact the economic value of some macrofungi sporocarps on many regions in the Mediterranean, particularly of commercialized ectomycorrhizal species, surpasses by far the value of timber (Honrubia 2007) . Therefore it's urgent to devise sustainable land use strategies in montado ecosystems that take into consideration macrofungal communities as well (Calado et al. 2009 ).
Management information to enhance macrofungi diversity and optimize sporocarp production are scattered or missing, especially in southern Portugal montado ecosystems. Therefore, in order to discuss strategies and point out management actions for macrofungal diversity enhancement in montado ecosystems, we evaluated how macrofungi communities respond to canopy cover differences. Forest composition and structure had been formerly studied for both sites, so all trees had been previously marked, mapped and measured for several dendrometric parameters. Whereas site A was dominated by mature holm-oak (30-40 years old), site B consisted in an area dominated by mature cork-oak (60-70 years old). In both sites, the understory shrub layer, mainly composed of mixed sclerophyllous shrubs (Cistus spp., Lavandula spp. and Ulex spp.), is periodically removed to prevent biomass accumulation and decrease fire risk.
Materials and methods

Study area
Sampling
At each site, three plots (2000 m 2 each), located 100 m apart, were delimited. Total tree cover was assumed as the sum of vertical canopy projected area of each tree minus the intercepted canopy areas. Plots were labelled for site A (Aa, Ab, Ac) and B (Bd, Be, Bf) corresponding to tree cover classes (Table 1) .
Positioning of macrofungal specimens were categorized as follows ( Fig. 1 ):
-Within crown projection area, circle formed by the mean radius of each tree (U); -Within crown influence, between crown projection area and the limit of circle formed by the 1.59 mean radius of each tree (I); -Outside crown influence, out of the circle formed by the 1.59 mean radius of each tree (O).
Sporocarp survey was conducted once every two weeks, from October to February, between 2007 and 2009. All epigeous sporocarps of macrofungi present within the sampling plots were identified, counted and their relative position to the tree crowns was registered. Specimens were brought to the laboratory to confirm field identifications, dried and included in a voucher collection. Identification was done as soon as possible and when necessary specimens were kept in a freezer at 3°C. Most taxa collected were identified to species level or even to subspecies level, however, some taxa that could only be identified to genus level were grouped into a genus taxon. Morphologic identification of collected taxa was based on keys, monographs and field guides (e.g: Bon 2004; Breitenbach and Kränzlin 1984 Kränzlin , 1986 Kränzlin , 1991 Kränzlin , 1995 Kränzlin , 2000 Calonge 1998; Frade and Alfonso 2003; Gerhardt et al. 2000; Kränzlin 2005; Moreno et al. 1986; Moser 1978; Pegler et al. 1995; Rodríguez et al. 1990 ). Representative voucher collections for all taxa collected were deposited in É vora University Herbarium (UEVH-FUNGI). Each macrofungal taxa was included in one of the three main trophic groups: saprotrophic, parasitic or mycorrhizal, according to Breitenbach and Kränzlin (1984 , 1986 , 1991 , 1995 , 2000 , Frade and Alfonso (2003) , Kränzlin (2005) and Moreno et al. (1986) . Some taxa however could be included in more than one trophic category, depending on ecological and environmental conditions. In those cases, the taxa were included in the most likely trophic group. Associations between explanatory variable (canopy cover) and richness and sporocarp production of total, mycorrhizal and saprotrophic taxa were evaluated through Pearson correlation coefficient, after evaluating data normality (Shapiro-Wilk test). Student T tests were used for comparisons of sporocarp production and richness between years and between sites, pooling data for sites and years, respectively, after evaluating data for homocedasticity and normality. Mean differences at each site were tested through one-way ANOVA followed by post-hoc test (Scheffe's test), after evaluating data for homocedasticity and normality. All calculations were performed with SPSS 15.0 for Windows (SPSS Inc., Chicago, IL).
Results
Throughout this study 123 macrofungi (69 saprotrophic, 1 parasite and 53 mycorrhizal) belonging to 53 genera were identified (Table 2 ). About 20% of total identified taxa showed a widespread occurrence being sighted in both years and at the both sites. The orders Agaricales and Russulales accounted for more taxa than any other orders and together included 80% of the total identified macrofungi (Fig. 2a) . A total of 3967 sporocarps, mainly belonging to Agaricales, Boletales and Russulales, were collected (Fig. 2b) . Seven species comprised nearly 50% of the total number of sporocarps namely: Astraeus hygrometricus (Pers.) Morgan, Armillaria mellea (Vahl) P. Kumm., Scleroderma verrucosum (Bull.) Pers., Peziza badioconfusa Korf., Laccaria laccata var. laccata (Scop.) Cooke, Helvella lacunosa Afzel. and Russula fragilis var. fragilis Fr. (Table 2) .
Both richness (r) and sporocarp yield (y), for total (T), mycorrhizal (M) and saprotrophic (S) taxa, didn't differ significantly between sites A and B (t Tr = 0.263, P = 0.798; t Mr = 0.791, P = 0.447; t Sr = 0.564, P = 0.585; t Ty = 1.163, P = 0.272; t My = 1.423, P = 0.185; t Sy = 0.498, P = 0.629) or between the two years (t Tr = 0.158, P = 0.878; t Mr = 0.653, P = 0.528; t Sr = 1.092, P = 0.301; t Ty = 0.614, P = 0.553; t My = 1.090, P = 0.301; t Sy = 0.142, P = 0.890), however significant differences were found between plots with distinct canopy cover values (Table 3) . Total macrofungal and mycorrhizal richness increased along with canopy cover improvement, showing higher significant values for the upper tree cover classes. Sporocarp yields also differed between canopy cover classes, showing higher total and saprotrophic sporocarp productions for lower tree cover classes.
In addition to those differences observed between cover classes, strong linear relations were found between canopy cover and both total macrofungi richness (r = 0.886, P \ 0.05, N = 12) and mycorrhizal richness (r = 0.943, P \ 0.01, N = 12) but none was found for saprotrophic richness (r = 0.137, P [ 0.05, N = 12). Total sporocarp production (r = -0.636, P \ 0.05, N = 12) and saprotrophic sporocarp production (r = -0.636, P \ 0.05, N = 12) were also significantly correlated with canopy cover. Hence, canopy cover seemed to have positive influence on macrofungal occurrence, in particular for mycorrhizal taxa but a negative influence on both total and saprotrophic sporocarp production.
Significant differences in average taxa richness and sporocarp production in relation to crown proximity were also observed (Table 4) , since total and mycorrhizal taxa richness values are both clearly higher under crown projection area. Likewise mycorrhizal taxa yield values were significant higher under crown projection area.
Discussion
Given the experimental design and the duration of the survey, total macrofungal richness and sporocarp production seems consistent with others reports for similar cork and holm oaks stands in the Mediterranean area (Laganà et al. 1999; Louro et al. 2009; Baptista-Ferreira 1996, 2005; Ortega and Lorite 2007; Richard et al. 2004 ). Additionally, cork and holm oaks stands showed a large percentage of macrofungi in common, as Ortega and Lorite (2007) previously reported from similar ecosystems in Andalusia.
Results showed that canopy cover strongly shaped macrofungal communities composition and yield as referred in other studies (Bonet et al. 2004; Calado et al. 2009; Laganà et al. 1999 richness and reduced saprotrophic yield. One possible explanation is that canopy cover is less significant for saprotrophic fungi productivity than the existence of a specific substrate. Results obtained concerning macrofungal richness and sporocarp production in relation to crown proximity, reinforce the positive influence of canopy cover over mycorrhizal communities, since their richness and yield increase directly with tree proximity. Mycorrhizal fungi are closely associated with living fine tree roots that are usually located in the upper soil layers (Schenk and Jackson 2002) and mostly within the crown projection area. Therefore it's not unexpected that their sporocarps emerge in the vicinity of tree crown. This result can be strongly biased by the higher percent of gasteroid and lignicolous (both saprotrophic) sporocarps found outside canopy influence. Indeed gasteroid fungi are well adapted to xerophytic conditions (Lodge et al. 1995; Louro et al. 2007 ) and therefore less dependent on the environmental conditions created by canopy cover. As for lignicolous macrofungi their distribution is strongly related to their correspondent substrate and less dependent of canopy cover (Lodge et al. 1995) .
In semiarid ecosystems, resource availability and microclimate conditions (mainly moisture and temperature) under canopy create hotspots of fertility (Belsky et al. 1989; Belsky 1994) . Our results points out, as Martius et al. (2004) observed for other biological groups, that canopy cover plays a vital role in the sustainability of macrofungal communities.
Conclusions
The maintenance of open montado areas with canopy cover values of approximately 30-50% seems to represent a good solution to enhance macrofungal richness and sporocarp production. Therefore, in low TSP total taxa richness, MYCSP mycorrhizal taxa richness, SAPSP saprotrophic taxa richness, TSPOR total sporocarp production, MYCSPOR mycorrhizal sporocarp production, SAPSPOR saprotrophic sporocarp production. I tree cover &30%, II tree cover [30% and \50%, III tree cover &50% tree density montados, reforestation and/or improvement of natural oak regeneration will be desirable. Additionally, pruning intensity must be restrained to ensure both cork and acorn quality productions and macrofungal communities' fitness. Moreover, since the majority of macrofungal taxa were located under tree canopy, the shrub vegetation control should be performed without interfering within crown projection area, preserving the macrofungal communities and simultaneously preventing fire hazard. TSP total taxa richness, MYCSP mycorrhizal taxa richness, SAPSP saprotrophic taxa richness, TSPOR total sporocarp production, MYCSPOR mycorrhizal sporocarp production, SAPSPOR saprotrophic sporocarp production. U within crown projection, I within crown influence, O outside crown influence
